We make a change of variable in the standard model Higgs field by a fermion operator and show that the latter is responsible for the electroweak vacuum. By computing the vacuum expectation value of this fermion operator in the path integral formalism we determine a relation among the quark vacuum condensates, the quark masses and the intrinsic scale of the theory. We show that the heavy quark vacuum condensates do not justify the hypothesis of dynamical electroweak symmetry breaking with only standard model fermions.
I. INTRODUCTION
After decades of experimental searches the standard model Higgs boson was finally discovered by the LHC experiments [1] , [2] and its mass was established at m h = 125.09 GeV. This great experimental success was however not accompanied by any hint of beyond of the standard model physics. With each passing year the robustness and precision of the standard model is confirmed and the parameter space of the models that extend the existing theory is pushed farther towards the TeV scale. In essence there are three main alternatives to the standard electroweak symmetry breaking: dynamical electroweak symmetry breaking [3] - [16] ; supersymmetry [17] - [27] and extra dimensions [28] - [34] with possible combinations among them. Among the most economical ones is the top condensate model [10] - [16] where it is envisioned that the top quark produces a strong enough condensate that leads to the known electroweak vacuum through a version or another of the standard technicolor mechanisms.
In this work we will use an odd looking scalar operator extracted from the fermions equation of motion and the known fact that at least in first order the standard model is the correct theory of the electroweak interaction to extract the vacuum condensates of all quarks. In this process we do not refer at all to any strong processes but mostly use precise calculations to determine how and if these condensates contribute to the electroweak vacuum. We find out that standard mechanisms of the Nambu Jona-Lasinio type cannot explain the breaking of the electroweak scale. If the Higgs is to be a bound function of the quark states then in order to account for the electroweak breaking it should have a form similar to that of the operator described in the present work showing that a possible beyond standard model theory might be completely new and unexpected by our standards.
Section II introduces the fermion operator of interest and its role in the electroweak vacuum. Section III contains detailed calculations of the vacuum value of this operator in the path integral formalism and its relation to the quarks vacuum condensates. In section IV we discuss the numerical results and enounce our conclusions.
II. THE STANDARD MODEL HIGGS BOSON
We consider the standard model at a scale slightly below the electroweak symmetry breaking scale where all fermions and gauge bosons have masses. We are mainly interested in the fermion part of the Lagrangian, namely that associated with the Higgs boson:
where B is the neutral Higgs boson such that B = 1 √ 2
(v + H) and all other interaction terms are neglected. Here f is the fermion flavor excluding the neutrinos and we assume without any loss of generality that the Yukawa constants are real and there is no important mixings between the fermions mass eigensstates.
We apply the equation of motion for the fermion fields to get:
or by multiplying withΨ f ,Ψ
Eq. (2) 
Here Ψ f is a generic quark of flavor f (the summation over the number of colors in the numerator and denominator is understood) and ǫ is a positive parameter of arbitrary value. We will show later that the unusual operator in the first term of Eq. (4) makes perfect sense in a quantum field theory. There are many possible scenarios of the same type from which we consider only another one which corresponds to the change of variable:
We first introduce the change of variable in Eq. (4) into Eq. (1) to obtain:
Since the fermion f kinetic term gained a scale factor we scale it back to the correct value by making the change of
will become:
The above lagrangian should lead to the correct free particles solution for the fermion fields and in consequence:
Next we introduce the change of variable in Eq. (5) into Eq. (1) to obtain in the same manner that:
to get:
which further leads to:
The result in Eq. (11) is thus quite generic. Next we will show how one can deal with operator like that in Eq. (4) in a quantum field theory. For that we consider a solution of the equation of motion of the free field of the type:
where,
where Λ is a parameter with mass dimension 1 that we can take as large as we want. Then we expand the fermion operator around this solution to get:
Here we used the equation of motion for the field χ and the fact thatχχ = 4mΛ 2 . It is evident that we obtain an expansion in 1 Λ and since Λ can be made arbitrarily large the higher dimension operators are very suppressed and can be ignored. Thus we showed that not only the odd looking operator makes sense but also that in first order its vacuum expectation value replaces that of the Higgs.
III. FERMION VACUUM CONDENSATES
We will estimate the fermion operator in Eq. (4) in the path integral formalism in first order in the expansion of the Lagrangian. We will assume that the fermions (we discuss the quarks but the same arguments apply to the charged leptons) have a scaled vacuum condensate z ′ f (see Appendix A). Then one can write:
where we dropped the index f corresponding to the fermion flavor for the simplicity of the equations. Then in the path integral formalism the vacuum expectation value of the fermion operator is given by:
Here in L we include only the fermion kinetic term because we are interested in a first order estimate and Z is the partition function. We first denote:
We shall estimate the operators in Eqs. (16), (17) in the path integral formalism and rely heavily on the mathematical results regarding fermion integration obtained in [35] . These results are exact in the limit where m ≪ Λ where Λ is the cut-off of the theory. First we will use the fact that integration by parts apply as well to the integration of the Grassmann variables. This leads to:
Here 12 corresponds to the sum over space time and color degrees of freedom Eq. (19) yields to the following recurrence relation:
We shall consider the last equation in Eq. (20) as the fundamental relation applicable for n ≥ 1. The next step is to determine the vacuum correlator:
Note that the indices i i ...i n go over the four space time degrees of freedom and three degrees of color and also that in second line we performed the integration over the momentum variables using the standard procedure with a cut-off Λ. The sum of the determinants can be calculated easily if one considers the contractions in the path integral formalism. We will prove this by induction. Thus it is evident that for n = 1 , i1...in det[δ i k ,ij ] = 12 and for n = 2 the same sum is 12 × 11 (this can be seen by simple calculations). Then we assume that for n we have:
We need to show:
We shall prove this in terms of contractions in the group of fermions (ΨΨ) n+1 as we separate the groupΨΨ and the group (ΨΨ) n . First we consider contraction within each group which leads to −(−1) n 12(12 − 1)...(12 − n − 1). Then we consider that oneΨ within the first group contracts with one Ψ from the second group. Then there are n possible contractions and we know the number of contraction for the rest of the group so we get n(−1) n (12)...(12 − n − 1). The final result is thus (−1) n+1 12...(12 − n). Also this can be regarded as the correspnding integral over arbitrary Grassmann variables η k andη k :
First we notice that the sum of interest stops at n = 12 so it can be easily computed numerically. Then we infer from Eqs. (21) and (17):
Knowing that in first order
we use y
= −m to obtain the final equality:
Note that in the second term for heavy quarks the factor Λ 4 should be replaced by the quantity [
] to take into account the effect of the masses.
IV. NUMERICAL RESULTS AND CONCLUSIONS
In this section we will apply Eq. (26) for different scales to determine the magnitude of the quark condensates. First we notice that the operator in Eq. (15) must be introduced in the Lagrangian through the change of variables in Eq. (4). Then the fermion field get scaled by
) (see Appendix A) and z ′ is related to the true fermion condensate z by the relation
Since this change of variables introduces an additional parameter ǫ ′ this will get renormalized. We will identify the cut-off scale with the renormalization one such that the masses and the other parameters that appear in Eq. (15) correspond to the renormalized ones.
In Table I we display the down and strange quark vacuum condensates as obtained in this work for Λ = 2 GeV and for two values of the parameter ǫ ′ extracted from two possible choices for the up quark condensates: (z 0u ) 1 = −0.016 GeV 3 [36] and (z 0u ) 2 = −0.283 3 GeV 3 respectively ǫ ′ 1 = 2.08 × 10 −7 and ǫ ′ 2 = 2.96 × 10 −7 . We employ the following quark masses [37] : m u = 2.3 × 10 3 GeV, m d = 4.8 × 10 −3 GeV and m s = 95 × 10 −3 GeV. In Table II we present the heavy quark cotribution to the vacuum as determined for Λ = 246.22 GeV for the two values for ǫ ′ determined above, ǫ 2 GeV at the electroweak scale. This shows that the top quark condensate is not a decisive factor in electroweak symmetry breaking at least not through a Nambu Jona-Lasinio type of mechanism.
In conclusion, based on simple change of variable in the Higgs field we determine that the intricate fermion operator introduced in Eq. (15) is entirely responsible for the Higgs vacuum expectation value. By computing this operator in the path integral formalism we established a relation among the quark vacuum condensates, the running masses and the renormalization scale. The vacuum condensates for the heavy quarks are relatively high but their associated scalar vacuum expectation values do not justify a picture in which the electroweak vacuum is broken by a simple technicolor type interaction. Our results support the idea that whereas a strong mechanism may be at play in the electroweak symmetry breaking, its implementation is far more complicated than the simple topcolor or technicolor picture. If the Higgs is to be composite of quark states we expect that its wave function is more complex than that of a standard two fermion bound state. Our findings are based on the assumption, justified by the latest LHC results that the standard model as we know is at least in first order the best description of the electroweak scale and its particles and phenomena.
Appendix A
We consider the change of variable in Eq. (4) but the same arguments apply as well to Eq. (5). We assume that all quark flavors have vacuum condensates denoted by z f where f is the flavor and z f might have any value including zero. We introduce the change of variables into the Lagrangian for the fermion fields and take into account the vacuum condensates:
Then we calculate: and impose the equation of motion in first order for all fermion fields. This leads to two conditions:
and further yields:
We denote ǫ ′ = ǫ g (y g z g ) and by z
)z f the scaled vacuum condensate that appears in the denominator of the operator in Eq. (A4). Then the dimensionless parameter ǫ ′ will get renormalized.
